Cre/loxP-mediated DNA excision in germ cell lineages could contribute substantially to the study of germ cell biology in salmonids, which are emerging as a model species in this field. However, a cell type-specific Cre/loxP system has not been successfully developed for any salmonid species. Therefore, we examined the feasibility of Cre/loxP-mediated, germ cell-specific gene excision and transgene activation in rainbow trout. Double-transgenic (wTg) progeny were obtained by mating a transgenic male carrying cre with a transgenic female carrying the hsc-LRLG gene; cre was driven by rainbow trout vasa regulatory regions and the hsc-LRLG gene was made up of the rainbow trout heat-shock-cognate71 promoter, the DsRed gene flanked by two loxP sites, and the Egfp gene. PCR analysis, fluorescence imaging, and histological analysis revealed that excision of the loxP-flanked sequence and activation of Egfp occurred only in germ cells of wTg fish. However, progeny tests revealed that the excision efficiency of loxP-flanked sequence in germ cells was low (3.27%). In contrast, the other wTg fish derived from two different cre-transgenic males frequently excised the loxP-flanked sequence in germ cells (89.25%). Thus, we showed for the first time successful germ cell-specific transgene manipulation via the Cre/loxP system in rainbow trout. We anticipate that this technology will be suitable for studies of cell function through cell targeting, cell-linage tracing, and generating cell type-specific conditional gene knockouts and separately for developing sterile rainbow trout in aquaculture.
INTRODUCTION
Over the past half-century, salmonid species have become a very important species group to global aquaculture. Moreover, genetic performance of salmonids has improved under selective breeding and domestication programs designed to increase economic value. Gene transfer techniques, which have many possible applications that could increase aquaculture production, have also advanced in rainbow trout, Oncorhynchus mykiss, and Atlantic salmon, Salmo salar [1] .
Although these highly domesticated strains and transgenic fish could improve both the quality and quantity of food production, the escape of these genetically improved fish into the natural environment could potentially result in genetic pollution of their wild counterparts. Genetic pollution caused by a cross between escaped, farmed Atlantic salmon and their wild counterparts has already been observed [2] [3] [4] [5] . Reportedly, escaped, farmed Atlantic salmon that have reproduced in the west coast of North America (e.g., British Columbia) outside their natural distribution range can disrupt the ecosystems in the nonnative region [6] .
Sterilization of farmed fish can solve these potential problems. At least, sterile farmed fish cannot reproduce with their wild counterparts or with other farmed fish; thus, the impact of the escaped, farmed salmonids can be limited to the individual escapees. For salmonid species, triploidization is the most practical technique for producing sterile fish. However, the efficiency of triploidization is never 100%, and with many salmonid species, some fertile diploids will appear following procedures to induce triploidization [7] .
Gene transfer techniques have been used successfully in salmonid species; consequently, cell targeting of a gene encoding a toxin could be an appropriate technology for establishing sterile fish lines. Cell targeting is a technique that eliminates a specific cell lineage via expression of a toxin gene driven by a cell type-specific promoter; this technique has been used successfully with multiple model organisms, including mouse [8, 9] and zebrafish [10] [11] [12] , to understand the function of individual cell lineages. Cell targeting of the germ cell lineage has the potential to generate fish that lack germ cells and are consequently sterile. However, transgenic fish carrying a toxin gene driven by a germ cell-specific promoter should not produce any gametes and therefore should not be able to reproduce by mating. Controlled germ cell-ablation could potentially overcome this obstacle.
In zebrafish, controlled germ cell-ablation that results in sterility has been achieved with three independent methods: a nitroreductase/metronidazole-based system [13, 14] , disruption of PGC migration [15] , and Gal4/UAS-based antisense technology [16] . However, such germ cell-ablation methods have not yet been successfully demonstrated in an aquaculture species. To develop a sterile rainbow trout using the nitroreductase/metronidazole-based system, we generated a transgenic rainbow trout that expressed a nitroreductase-EGFP fusion protein in germ cells under the control of vasa regulatory regions (unpublished data). However, treatments with metronidazole for 2 wk, or even more, failed to eliminate the germ cells. This result seemed to suggest that the rearing temperature for rainbow trout, which ranged from 108C to 188C, was not high enough to activate the nitroreductase, which was isolated from Escherichia coli.
We therefore focused on a Cre/loxP-mediated cell-targeting technique for germ cell-ablation. The Cre/loxP system is a sitespecific DNA recombination system in which Cre recombinase excises the DNA sequence between two loxP sites. Cre recombinase was originally isolated from P1 bacteriophage [17, 18] and has become a powerful genetic system used in model organisms to conditionally activate transgenes, including toxin genes [19, 20] . In theory, to use this system for germ cell-ablation, two transgenic fish lines are necessary: one that carries the cre gene under the control of a germ cell-specific promoter and another that carries a transgene made up of a promoter, a transcription terminator flanked by two loxP sites, and a toxin gene. The fish carrying the toxin gene is fertile because a transcription terminator that is inserted between the promoter and the toxin encoding sequences effectively suppresses expression of the toxin. Because the doubletransgenic progeny fish carry both the toxin gene and the cre gene, they express cre under the control of the germ cellspecific promoter, and this expression results in excision of the loxP-flanked transcription terminator, and consequently, germ cell-specific expression of the toxin. When the toxin is expressed specifically in germ cells, they die.
Furthermore, salmonid species have been used as a model for research into germ cell biology. The development of various experimental tools, including germ cell transplantation [21] [22] [23] [24] , in vitro germ cell culture [25] [26] [27] , germ cell purification or enrichment using a centrifugal elutriation system [28] or a flow-cytometer [29] [30] [31] , long-term storage of germ cells by cryopreservation [32, 33] , and comprehensive transcriptomic analysis of germ cells [34] , have resulted in significant advances in germ cell biology of salmonid species [35, 36] . Nevertheless, the full range of genetic tools available for functional studies of some model species is not available for salmonid species. Cre/loxP-mediated cell-lineage tracing is a definitive technique used to investigate germ line stem cells and genes related to these cells in the mouse [37] and medaka, Oryzias latipes [38] ; consequently, the Cre/loxP system could become a powerful genetic tool for germ cell biology in salmonid species. However, such a cell type-specific Cre/loxP system has never been developed for any salmonid species. Therefore, as a first step toward developing germ cell-ablation techniques and generating more genetic tools for use with salmonid species, we aimed to examine the feasibility of Cre/ loxP-mediated gene excision and activation of a transgene in a germ cell-specific manner in rainbow trout. For this purpose, we developed two different types of transgenic fish lines; one line carried cre driven by regulatory regions of vasa and the other carried the loxP-flanked DsRed spliced with Egfp driven by a ubiquitous promoter. We then crossed the lines to obtain the double-transgenic (wTg) progeny. Furthermore, we mated the wTg fish with wild-type fish and assessed fluorescence in the progeny to determine the excision efficiency of the loxPflanked DsRed gene in germ cells of the wTg fish.
MATERIALS AND METHODS

Ethics
All experiments described herein were carried out in accordance with the Guide for the Care and Use of Laboratory Animals from Tokyo University of Marine Science and Technology.
Construction of the pvasa-cre Plasmid
In order to express the cre gene specifically in germ cells of rainbow trout, we constructed a plasmid with cre driven by the regulatory regions of rainbow trout vasa gene (Fig. 1) . This pvasa-cre plasmid was 11.1-kbp in length and encoded the cre gene downstream of the vasa 5 0 -flanking region that contained the vasa 5 0 -transcriptional regulatory region, the first vasa exon that contained only the vasa 5 0 -untranslated region, the first vasa intron, and a part of the second vasa exon, including the vasa start codon [39] ; additionally, cre was upstream of the vasa 3 0 -untranslated region and the vasa 3 0 -flanking region [39] . The 1032-bp cre gene was amplified from pBS185, a Cre expression vector (Thermo Fisher Scientific, Waltham, MA), and the 3640-bp vasa 5 0 -upstream region and the 1990-bp vasa 3 0 -downstream region ( Fig. 1) were amplified from pvasa-Gfp [39] by PCR with primers shown in Table 1 . Each fragment was amplified with TaKaRa LA Taq (Takara Bio Inc., Shiga, Japan); the PCR amplification conditions are shown in Table 2 ; the MultiSite Gateway Pro Kit (Thermo Fisher Scientific) was then used according to manufacturer's instructions to clone each fragment into a pcDNA 6.2/V5-pL-DE-ST Gateway Vector (Thermo Fisher Scientific).
Gamete Collection, Microinjection, and Maintenance of Injected Embryos
Rainbow trout were maintained at a water temperature of 108C at the Field Science Center of Oizumi Station, Tokyo University of Marine Science and Technology (Yamanashi, Japan). Gamete collection and insemination were performed as previously described [40] . The pvasa-cre plasmid (2 nl of 500 ng/ ll) was microinjected into the blastodisk of individual 1-cell-stage embryos via a method described previously [41] . The microinjected embryos were incubated at 108C and reared until they reached sexual maturity. 0 -fw, and vasa3 0 -fw, respectively; these primers are also listed in Table 1 .
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Production of cre Transgenic Tg(vasa-cre) Fish Lines
To identify transgenic founder (P1 generation) males carrying the vasa-cre gene, Gentra Puregene Tissue Kits (Qiagen, Hilden, Germany) were used according to the manufacturer's instructions to extract genomic DNA from 0.5 ll of semen collected from 1-or 2-yr-old P1 males. A 526-bp fragment of the cre gene was amplified from each individual with primers shown in Table 1 using Quick Taq HS DyeMix (Toyobo Co., Ltd., Osaka, Japan). The PCR amplification conditions are shown in Table 2 . Each of three different P1 males carrying the vasa-cre gene was randomly selected and mated with a wild-type female to obtain F1 progeny. To identify F1 fish that carried the vasa-cre gene, ZR-96 Quick-gDNA (Zymo Research Corporation, Irvine, CA) was used according to the manufacturer's instructions to extract genomic DNA from individual fins; this DNA was then used for PCR with the cre-specific primers described above. Transgenic F1 fish were collected and raised to sexual maturity. Three mature F1 males-Tg (vasa-cre[no. K2]), Tg (vasa-cre[no. W325]), and Tg (vasa-cre[no. Y184])-each derived from a different P1 fish were randomly selected and mated with wild-type females to obtain F2 progeny. The same analysis used for screening of F1 fish was performed to evaluate inheritance of the transgene by the F2 generation from the F1 generation.
Production of a Reporter Transgenic Fish Tg(hsc:LRLG) Line
P1 fish carrying the heat-shock-cognate71 promoter: loxP-DsRed-loxPEgfp (hsc:LRLG) gene were developed in our previous study [41] . A P1 male was mated with a wild-type female to obtain F1 progeny. To identify F1 fish that carried the hsc:LRLG gene, eyed-stage embryos (20 to 32 days postfertilization) were screened for DsRed expression under a fluorescence dissecting microscope (MVX10; Olympus, Tokyo, Japan) equipped with a CY3-4040B filter (Olympus).
Transgenic F1 fish were collected and raised to sexual maturity. A single mature F1 female-Tg (hsc:LRLG)-was randomly selected and mated with a wild-type male to obtain F2 progeny. F2 larvae were examined for fluorescence to evaluate the inheritance of transgene from the F1 to the F2 generation.
Production of Double-Transgenic Fish wTg(vasa-cre; hsc:LRLG)
Three Tg (vasa-cre)-F1 males were mated with a Tg (hsc:LRLG)-F1 female, to obtain double-transgenic fish. These wTg fish were screened for the vasa-cre and hsc:LRLG gene via the methods described above.
RT-PCR Analysis of cre Expression
Isogen reagent (Nippon Gene Co., Ltd., Tokyo, Japan) was used to extract total RNA from each of nine tissues-brain, muscle, gill, heart, spleen, liver, intestine, testis, and ovary-from 7-mo-old wTg individuals; the RNA was then treated with RQ RNase free DNase (Promega Corporation, Madison, WI) according to the manufacturer's instructions. Ready-To-Go You-Prime FirstStrand Beads (GE Healthcare, Little Chalfont, United Kingdom) and oligo (dT) primer were used according to the manufacturer's instructions to synthesize cDNA from 2 lg of total RNA. To determine whether cre was expressed in each tissue, RT-PCR analysis was performed using primers specific for cre ( Table 1) . As an internal control, expression of the gene was analyzed in the same samples using b-actin-specific primers (Table 1) . PCR amplification was performed with Quick Taq HS DyeMix (Toyobo Co., Ltd.) and the conditions are shown in Table 2 . PCR products were separated via electrophoresis through a 2% agarose gel.
Detection of Cre-Mediated Excision of the loxP-Flanked Transgenes and Expression Analysis of Egfp Gene
Genomic DNA was extracted separately from brain, fin, skin, muscle, gill, heart, spleen, liver, kidney, stomach, pyloric caeca, intestine, testis, sperm, and ovary tissues of 1-yr-old wTg individuals using Gentra Puregene Tissue Kit (Qiagen). To examine Cre-mediated excision of the loxP-flanked transgene in each tissue of wTg fish, PCR was performed with primers for the hsc promoter (Forward primer, recombicheck-fw) and the Egfp gene (Reverse primer, recombicheck-rv); these two sequences lie outside of two loxP sites (see Fig.  4A and Table 1 ). PCR amplification with the primers specific for the rainbow trout b-actin 3 0 -untranslated region was used as an internal control ( Table 1 ). The amplification conditions are shown in Table 2 . PCR products were separated via electrophoresis through a 2% agarose gel. KATAYAMA ET AL. To confirm expression of the Egfp gene in the germ cells that excised the loxP-flanked gene, gonads isolated from 4-or 5-mo-old wTg fish were examined under a fluorescence microscope (BX-51-34FL; Olympus) equipped with filter sets for U-MWIG2 (Olympus) and U-MWIB2 (Olympus); gonads isolated from Tg (hsc:LRLG)-F2 fish were examined as a control. To identify the type of cells that expressed GFP in wTg fish, immunostaining on gonadal sections was performed. The gonads isolated from 4-or 7-mo-old wTg fish were fixed in Bouin solution. The paraffin-embedded gonadal sections were immunostained with a primary anti-GFP antibody (anti-GFP from mouse immunoglobulin G1 [clones 7.1 and 13.1], working solution: 8 lg/ml; Roche Diagnostics, Basel, Switzerland) and then a goat anti-mouse immunoglobulin G conjugated to Alexa Fluor 488 (working solution: 10 lg/ml; Life Technologies) secondary antibody. The immunostained sections were observed under a BX-51-34FL fluorescence microscope (Olympus) equipped with a filter set for U-MWIB2 (Olympus). The sections were then stained with hematoxylin-eosin and were observed under a BX-51-34FL microscope (Olympus). All samples were processed via a method described previously [42] .
To confirm the green fluorescence of spermatozoa derived from germ cells that had excised the loxP-flanked gene, spermatozoa collected from a 1-yr-old wTg male were examined under a BX-51-34FL fluorescence microscope (Olympus) equipped with a filter set for U-MWIB2 (Olympus). Spermatozoa collected from a wild-type male were examined as a control.
Evaluating the Frequency of Cre-Mediated Transgene Excision in Germ Cells of wTg Fish
The wTg fish were raised to sexual maturity for 1 yr (males) or 2 yr (females). The wTg fish were mated with a wild-type fish from the opposite sex to obtain wTg-F1 progeny ( Table 3 ). The wTg-F1 progeny produced by gametes that had excised the loxP-flanked DsRed gene should have shown green fluorescence throughout the entire body, whereas those produced by gametes without loxP-excision should have shown red fluorescence. To determine the frequency of germ cells that had excised the loxP-flanked gene in wTg fish, at least 200 eyed-stage wTg-F1 embryos were examined for fluorescence under a MVX-10 fluorescence-dissecting microscope (Olympus) equipped with filter sets for CY3-4040B (Olympus) and U-MWIB2 (Olympus). Strong autofluorescence caused by yolk materials can confound observation of green and red fluorescence exhibited in transgenic embryos; therefore, yolk masses were eliminated manually before each observation. The excision efficiency was calculated using the following formula: excision efficiency (%) ¼ [number of green fluorescent-positive wTg-F1 embryos/number of fluorescent-positive wTg-F1 embryos] 3 100.
Statistical Analysis
Data are shown as the mean 6 SEM. Statistical significance was analyzed with one-way analysis of variance (ANOVA) followed by Tukey multiple comparisons test. The statistical significance level was set to P , 0.05 level, and GraphPad Prism v5.0 software (GraphPad Software Inc., San Diego, CA) was used for all calculations.
RESULTS
Production of Transgenic Rainbow Trout Lines
Among 247 embryos microinjected with the pvasa-cre plasmid, 197 became P1 fish; 91 of these P1 fish became sexually mature males at the age of 1 or 2 yr; the remaining 106 fish were females or immature males. PCR with cre-specific primers revealed that 49 out of 91 P1 males carried the cre gene in their sperm. Three of these cre-positive P1 males (1-3) were randomly selected, and each was mated with a wild-type female. The transmittance of cre from each of three P1 males (1-3) to F1 progeny was 1.2% (n ¼ 947), 18.2% (n ¼ 192), and 15.6% (n ¼ 192), respectively (Fig. 2) . Thus, these three P1 males were each mosaic transgenic fish that transmitted the cre gene into at least some of their offspring. Three 1-yr-old mature F1 progeny derived from a 1-yr-old Tg (hsc:LRLG)-P1 male were examined for red fluorescence. The transmittance of red fluorescence from the P1 to the F1 generation was 16.7% (n ¼ 455) (Fig. 2) . A mature Tg (hsc:LRLG)-F1 female was randomly selected from a population of 2-yr-old F1 progeny and mated with a wild-type male. The transmittance of red fluorescence from the F1 to F2 generation was 53.9% (n ¼ 278).
Germ Cell-Specific Expression of cre and Excision of the loxP-Flanked Transgene
To examine the germ cell-specific excision of the loxPflanked transgene, we produced double-transgenic fish wTg (vasa-cre[no. K2]; hsc:LRLG) by crossing a Tg (vasa-cre[no. K2])-F1 male with a Tg (hsc:LRLG)-F1 female (Fig. 2) . RT-PCR with cre-specific primers revealed that cre was expressed specifically in gonads of both male and female fish but not in the somatic tissues of any wTg (vasa-cre[no. K2]; hsc:LRLG) fish (Fig. 3) . PCR evaluation of loxP-flanked gene excision in various tissues showed that all tissues examined had a single 1.9-kbp amplicon, except for testis, sperm, and ovary, which showed a 460-bp amplicon in addition to the 1.9-kbp amplicon (Fig. 4A) . Fluorescence imaging of gonad samples showed that KATAYAMA ET AL.
red fluorescence was observed in the testis and ovary isolated from both control and wTg (vasa-cre[no. K2]; hsc:LRLG) fish (Fig. 4 , Bb, Bd, Bg, and Bi). Although no green fluorescence was observed in the controls (Fig. 4 , Bb and Bg), some cells showed clear green fluorescence in the testis and ovary isolated from wTg (vasa-cre[no. K2]; hsc:LRLG) fish (Fig. 4 , Bd, Be, and Bi). The immunohistological analysis with GFP antibody revealed that cells expressing GFP in the testis were type A spermatogonia, primary spermatocytes, and secondary spermatocytes (Fig. 4 , Ca-Cd). In the ovary, the cells expressing GFP were oogonia and oocytes (Fig. 4 , Ce-Cg). No green fluorescence was observed in gonadal somatic cells (Fig. 4C) . Fluorescence imaging of spermatozoa showed that green fluorescence was observed in the midpiece of some spermatozoa in wTg fish, whereas no green fluorescence was observed in the control (Fig. 5) . Approximately half of the wTg (vasa-cre[no. K2]; hsc:LRLG)-F1 embryos produced by crossing a wTg (vasacre[no. K2]; hsc:LRLG) fish with a wild-type fish showed one of three different types of fluorescence throughout the entire body; these three types were red fluorescence (phenotype 1), green fluorescence (phenotype 2), or both red and green fluorescence (phenotype 3) (Fig. 6) . The other half of the wTg (vasa-cre[no. K2]; hsc:LRLG)-F1 embryos did not show any fluorescence (phenotype 4) because the wTg fish used for mating was hemizygous for the hsc-LRLG transgene (Fig. 6) . The efficiency of transgene excision in germ cells of wTg (vasa-cre[no. K2]; hsc:LRLG) fish, calculated by the frequency of GFP-positive embryos out of all fluorescent embryos, was 1.19% 6 0.75% for males and 0.97% 6 0.46% for females; the maximum frequency was 3.27% in a male (Table 3) .
Efficient Excision of the loxP-Flanked Transgene in Germ Cells
In an attempt to obtain wTg fish that exhibited highefficiency excision in germ cells, we examined two other wTg lines because the efficiency of excision of the loxP-flanked (Fig. 2) . RT-PCR analysis with cre-specific primers revealed that cre was strongly expressed in gonads of both male and female wTg fish; however, traces of cre mRNA were detected in some somatic tissues of wTg (vasa-cre[no. W325]; hsc:LRLG) fish and in all tissues of wTg (vasa-cre[no. Y184]; hsc:LRLG) fish (Fig. 7) . PCR evaluation of loxP-flanked gene excision revealed that all tissues examined had a single 1.9-kbp amplicon, with the exception of testis, sperm, and ovary, which showed a 460-bp amplicon in addition to a 1.9-kbp amplicon (Fig. 8A) . In these three tissues, the 460-bp amplicon was more abundant than the 1.9-kbp amplicon (Fig. 8A) . Fluorescent imaging of gonads showed that no green fluorescence was observed in controls ( hsc:LRLG) fish was 13.45% 6 4.28% and 43.03% 6 11.12% for males and females, respectively, with a maximum of 62.95% in one female (Table 3 ). The efficiency in wTg (vasacre[no. Y184]; hsc:LRLG) fish was 53.48% 6 5.41% and 46.35% 6 7.35% for males and females, respectively; the maximum was 89.25% in one male (Table 3 ). The excision Table 3) .
DISCUSSION
The present study demonstrated in vivo, germ cell-specific DNA excision in transgenic fish that carried a vasa-cre transgene and expressed the cre gene specifically in germ cells. We also demonstrated the efficient excision of loxPflanked sequences in germ cells with other vasa-cre transgenic strains. It is noteworthy that Cre recombinase (originally isolated from P1 bacteriophage) produced by the transgene successfully excised the loxP-flanked sequence in rainbow trout raised at 108C, which is much cooler than optimum temperature for the host bacteria of the P1 bacteriophage. In a previous study, we demonstrated that Cre recombinase can function in rainbow trout; however, we delivered large amounts of cre mRNA into each embryo in order to induce in vivo DNA excision effectively in that study [41] . Thus, this cell type-specific and transgene-mediated DNA excision by Cre recombinase may open the possibility to switch on and off the expression of desired genes in target cells and allow us to develop cell-lineage tracing, cell-specific ablation, and cell type-specific conditional gene manipulation in rainbow trout.
A previous study showed that male pvasa-Gfp transgenic fish express the Gfp gene robustly in spermatogonia and very weakly in spermatocytes, but suppress Gfp in spermatids [29] . Therefore, the double transgenic males used in this study did not seem to express cre in spermatids and spermatozoa. However, we clearly detected GFP throughout the male germcell lineage, including in spermatozoa (Fig. 5) . Once the loxPflanked sequence was excised by Cre-mediated recombination in a cell, Egfp was stably expressed under the control of ubiquitous hsc71-regulatory regions [43] . This result indicated that we had succeeded in tracing the descendent cells of vasaexpressing early-stage germ cells with GFP via a Cre/loxPmediated reporter system. Thus, the Cre/loxP system as developed in the present study should make it possible to perform cell-lineage tracing, which is a powerful genetic tool for investigating the function of individual cell-lineages in vivo in rainbow trout.
Notably, germ cell-ablation technology mediated by Cre/ loxP system has the potential to produce sterile fish, and sterile fish can be used to control reproduction in farmed fishes. To KATAYAMA ET AL.
eliminate germ cells without introducing any toxicity into somatic tissues, it is necessary to excise the loxP-flanked sequence with high efficiency and activate a toxin gene strictly in germ cells. In the present study, although the cre-transgenic strain had the ability to excise the loxP-flanked sequence specifically in germ cells, the excision efficiency was not high. However, we found that the other cre-transgenic strains could excise the loxP-flanked sequence with high efficiency. A) Genomic PCR for detection of Cre-mediated excision of loxP-flanked sequence in wTg fish. PCR was performed with DNA from different tissues from male wTg fish and ovary tissue from female wTg fish. phsc:LRLG, control before Cre-mediated excision using the phsc:LRLG plasmid as template; D.W., negative control using distilled water instead of template DNA. B) Fluorescence micrographs that demonstrate Cre-mediated excision of loxP-flanked sequence and activation of the Egfp gene. Gonads were isolated from 5-mo-old wTg fish. Bright-field images (a, c, e, g, i, k) and green fluorescent images (b, d, f, h, j, l) of gonads are shown. Bar ¼ 100 lm.
GERM CELL-SPECIFIC Cre/loxP SYSTEM IN TROUT Reportedly, the number of transgene copies inserted into a host genome affects expression level of the transgene [44, 45] ; moreover, the site of integration of the transgene into the host genome also affects both the level and the specificity of transgene expression [46] . Indeed, our previous study showed that the level and the specificity of Gfp expression in a pvasaGfp transgenic rainbow trout vary depending on the strain, presumably because the strains differed with regard to transgene copy number and integration site within the host genome [47] . Therefore, generating other cre-transgenic strains may improve the level and specificity of cre expression and the resulting targeted excision. In addition, to avoid the influence of the integration site on transgene expression, insertion of insulator sequences both sides of a transgene cassette could also be considered [48] ; however, genomic position effects and insulator sequence require further studies in aquaculture species.
Furthermore, using a loxP-transgenic strain that carries a toxin gene with germ cell-specific cis-elements also has the potential to increase specificity of a toxin gene expression in germ cells. Moreover, the rainbow trout vasa gene is robustly expressed in germ cells; however, it is also weakly expressed in some somatic tissues [49] . Therefore, using germ cell-specific cis-elements such as those from piwil2 [29, 50] , boule [51] , or dazl [50, 51] could also be considered for developing loxPtransgenic strain in rainbow trout.
Current development of genome-editing tools including zinc-finger nucleases (ZFNs), transcription activator-like effectors (TALENs), and clustered regulatory interspaced short palindromic repeats (CRISPR)/CRISPR-associated systems are powerful tools for examining gene function via gene knockout [52] . However, these technologies cannot be used for genes that are essential for either normal development or viability. Therefore, in future studies, we expect that cell type-specific, conditional gene knockout will be required for functional studies in rainbow trout. With genome-editing tools, it would be possible to establish a knock-in strain carrying two loxP sites positioned both sides of a target gene. Such knock-in strategies have been used successfully in zebrafish [53, 54] . Thus, combining the Cre/loxP system with gene knock-in could facilitate development of conditional gene knockouts in rainbow trout.
In conclusion, we used the Cre/loxP system in the first successful demonstration of cell-type-specific transgene manipulation in rainbow trout. We anticipate that this technology will be useful for studying cell function through cell targeting, cell-lineage tracing, and cell type-specific gene knockout experiments and also for production of sterile rainbow trout for aquaculture.
